Data visualisation is important

Visualisations aren't just furniture for
publications

@martinjnnhadley

http://www.tradingplacesproperty.com/content/post/what-is-fair-wear-and-tear



Table 2. Successes and failures for articles with non-zero
metric scores, aggregated by journal, and only including
journals for which there it is at least one success or failure.

“Most scientific data is created in a

form and organization that facilitates its T T T
generation rather than focusing on its S T

RH 276 (51%) 221 41%) 25 47 (9%) 544

e Ventual use' i 193 (51%) 157 (41%) '\:9 30 (8%) 380

Blogs** 190 (58%) 104 (32%) 5.0 32 (10%) 326

S g 129 (57%) 70 (31%) 42 26 (12%) 225
Google+ 61 (50%) 53 (44%) 07 7 (6%) 121
25 (48%) 24 (46%) 0.1 3 (6%) 52
MsM 29 (56%) 17 (33%) 1.8 6 (12%) 52
13 (52%) 9 (36%) 09 3 (12%) 25
Reddits 22 (51%) 17 (40%) 08 4 (9%) 43
9 (47%) 7 (37%) 05 3 (16%) 19
Forums 5 (83%) 1 (17%) 1.6 0 (0%) 6
3 (100%) 0 (0%) 1.7 0 (0%) 3
Q&A 4 (67%) 1 (17%) 13 1 (17%) 6
2 (67%) 0 (0%) 1.4 1 (33%) 3
Pinners 2 (67%) 1 (33%) 06 0 (0%) 3
0 (—%) 0 (—%) o 0 (—%) 0
LinkedIn 0 (—%) 0 (—%) = 0 (=9%) 0
0 (—%) 0 (—%) - 0 (—%) 0

+ In each cell the upper figure is for all journals and the lower figure is for
journals with at least 10 articles tested. * Ratio of successes to failures
significantly different from 0.5 at p=0.05, ** Significant at p=0.01; both
Bonferroni corrected for n=11.

doi:10.1371/journal.pone.0064841.1002

Fox, P., & Hendler, J. (2011). Changing the Equation on Scientific Data Thelwall, M., Haustein, S., Lariviere, V., & Sugimoto, C. R. (2013). Do altmetrics work? Twitter and
Visualization. Science, 331(6018), 705-708. doi.org/10.1126/science.1197654 ten other social web services. PloS One, 8(5), e64841. doi.org/10.1371/journal.pone.0064841
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Table 2. Successes and failures for articles with non-zero
metric scores, aggregated by journal, and only including
journals for which there it is at least one success or failure.

Research data is too often born [T = = . - —
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What can
visualisations be
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You don’t know what’s interesting until you take a look...




What can
visualisations be
useful for?

e Exploratory data analysis

e Summarise trends in an
easily consumable manner
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What can
visualisations be
useful for?
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What can
visualisations be
useful for?

Exploratory data analysis

Summarise trends in an
easily consumable manner

Physically demonstrate
comparisons between
groups of data

Present connections /

otherwise difficult to e
communicate

Maths, Materials, Engineering, Gomputer Science, Physics

Primary Care




Why use visualisations?

e Visualisations are easier to parse than
long, jargon-filled blocks of text
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Why use visualisations?

e Visualisations are easier to parse than
long, jargon-filled blocks of text

e Visualisations can be consumed by the
general and expert easily
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Why use visualisations?

e Visualisations are easier to parse than
long, jargon-filled blocks of text

e Visualisations can be consumed by the
general and expert easily

e Visualisations allow multiple questions
to be asked simultaneously

@martinjnnhadley
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Moving beyond dead trees

“... interactivity is the new colour chart...”

@martinjhnhadley e

@photosteve101 (flickr.com/photos/42931449@N07/5263540555/in/album-72157625505293849/)



What does
interactivity provide?

e Provide alternative
methods to access data

Adoption Leave

Child Benefit-

Children’s Tax Credit

Child Tax Credits™

Family Credit f/ Working Families Tax Credits-
Free childcare provision-

Maternity Allowance

Maternity Leave

Parental Leave-

Paternity Leave: birth and adoption™
Statutory Adoption Pay-

Statutory Maternity Pay (SMP)-

Statutory Paternity Pay: birth and adoption-
Universal Credit-

Working Tax Credits-

Type of Policy

= Cash and tax
allowanees policy

B childcare policy

B Leave policy

https://dx.doi.org/10.6084/m9.figshare.3847776


https://familypolicyox.web.ox.ac.uk/policies_dataset

What does
interactivity provide?
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https://dx.doi.org/10.6084/m9.figshare.3761562



http://ilabour.oii.ox.ac.uk/online-labour-index/

What does
interactivity provide?

Provide alternative
methods to access data

Allow users to slice
through datasets

Combine summary and
detailed information

=+ Institution rview (click to expan:

Number of Pls: 217 Average Degree: 9
Highest Degree of Seperation: 6 Number of Collaborations: 978

Average Path Length: 2.71

Obstetrics & Gynaecolt
Display:
departments -

Selected Department: Obstetrics &
Gynaecology
Members of Department: 5

Vertex Degree: 6
Vertex Betweeness: 0.5417

Vertex Closeness: 0.0312

i, s, Ergasseg, Coriuler crce, Piyscs |

Scroll down for details

Refocus Network
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. Chemistry . OIRO . Obstetrics & Gynaecology . Surgical Sciences . Physiology Anatomy & Genetics . Oncology . Primary Care
. Clinical Neurosciences . Maths, Materials, Engineering, Computer Science, Physics . Ludwig . Pharmacology . Zoology . WTCHG


https://livedataoxford.shinyapps.io/CRUK-Collaboration-Network/

Designing visualisations to
expose data

Putting form over function when
communicating data visually

@martinjhnnhadley (&) e |

https://commons.wikimedia.org/wiki/File:Ngv_design,_eero_aarnio,_globe_chair_1963-65_01.JPG



Graphical Perception Theory

More accurate Position
o0
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Mackinlay, J. (1986). Automating the design of graphical presentations of relational information.
ACM Transactions on Graphics, 5(2), 110-141. http://doi.org/10.1145/22949.22950



Graphical Perception Theory
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Graphical Perception Theory
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Graphical Perception Theory
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Graphical Perception Theory
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“Pies are evil” is a trope - it's worth reading Arcs, Angles, or Areas: Individual Data
Encodings in Pie and Donut Charts if you're interested

Arcs, Angles, or Areas: Individual Data Encodings in Pie and Donut Charts,
Computer Graphics Forum (Proceedings EuroVis), vol. 35, no. 3, pp. 121-130, 2016. DOI: 10.1111/cgf.12888



http://kosara.net/papers/2016/Skau-EuroVis-2016.pdf
http://kosara.net/papers/2016/Skau-EuroVis-2016.pdf
http://kosara.net/papers/2016/Skau-EuroVis-2016.pdf

Graphical Perception Theory

A Bar plots display only two
numbers {here the mean and

s, for each distribution.
B +1 S.£m
|
[ |
: (Bl E
=8
-
=
-1
=
&
E 2
0 > 3
Caondition

Allen, E. A, Erhardt, E. B., & Calhoun, V. D. (2012). Data Visualization in the Neurosciences: Overcoming the
Curse of Dimensionality. Neuron, 74(4), 603—608. http://doi.org/10.1016/j.neuron.2012.05.001



Graphical Perception Theory

A Bar plots display only teo B Box plot display five numbers (the
numbers {here the mean and min, max, and guartiles) to provide
s.e.m.) for each distribution. greater distributional infarmation,
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Allen, E. A, Erhardt, E. B., & Calhoun, V. D. (2012). Data Visualization in the Neurosciences: Overcoming the
Curse of Dimensionality. Neuron, 74(4), 603—608. http://doi.org/10.1016/j.neuron.2012.05.001



Graphical Perception Theory

Less information

More infermation

A Bar plots display only teo B Box plots display five numbers [the C Violin plots display the shape of each
nurmbers (here the mean and min, max, and guartiles) to provide distribution and may be overlayed with
s.e.m,) for each distribution. greater distributional information, descriptive or inferential statistics.
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Allen, E. A, Erhardt, E. B., & Calhoun, V. D. (2012). Data Visualization in the Neurosciences: Overcoming the
Curse of Dimensionality. Neuron, 74(4), 603—608. http://doi.org/10.1016/j.neuron.2012.05.001



Chart Junk?

THE RISE IN CIGARETTE PRICES
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"Kill the frills and get to the point!" [Edward Tufte, 1997]

Scott Bateman, Regan L. Mandryk, Carl Gutwin, Aaron Genest, David McDine, Christopher Brooks, Useful Junk? The Effects of Visual
Embellishment on Comprehension and Memorability of Charts. ACM Conference on Human Factors in Computing Systems (CHI), 2010.



Chart Junk?

MONSTROUS COSTS

Total House and Senate
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"Kill the frills and get to the point!" [Tufte, 1997]

Scott Bateman, Regan L. Mandryk, Carl Gutwin, Aaron Genest, David McDine, Christopher Brooks, Useful Junk? The Effects of Visual
Embellishment on Comprehension and Memorability of Charts. ACM Conference on Human Factors in Computing Systems (CHI), 2010.



Chart Junk?
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|
DIAMONDS WERE A GIRL'S BEST FRIEND / DIAMONDS WERE A GIRL'S BEST FRIEND
e of 3 one—carat D-fawless

Average price of a one-carat D-flawless. Average pei

=1 60,000

$60,000
=1 $50,000

$50,000

=1 540,000

MONSTROUS COSTS
in millions.

200 L L I L P
L im wm e e e |
150
100
50
= m m m ow oum

"Kill the frills and get to the point!" [Tufte, 1997]
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Scott Bateman, Regan L. Mandryk, Carl Gutwin, Aaron Genest, David McDine, Christopher Brooks, Useful Junk? The Effects of Visual
Embellishment on Comprehension and Memorability of Charts. ACM Conference on Human Factors in Computing Systems (CHI), 2010.



Making interactivity obvious

MONSTROUS COSTS
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Making interactivity obvious

Metals to show: Mining techniques to show:

Map Style
Hydda.Base - Iron Lead Silver Gold Copper Zinc Underground Mining Opencast Mining Hydraulic Mining Hushing Ground Sluicing Ruina Montium Rake/comb
Unknown Technique

Plot Markers

Mine lcon

Selected Time Period

O

1000 a0

OB



https://livedataoxford.shinyapps.io/OxRep_maps_mines/

Designing with flexibility

Scott Murray £¥ 2 Follow
Talignedleft

Chart logic reflects a generous assumption by
@nytimes that it wouldn't ever get *this* dire for
Trum

Hillary Clinton has an 88% chance
of winning the presidency.

Clinton Tru

2016 Election Forecast » Updated Oct. 12, 2016



Designing with flexibility

Scott Murray ¥ 2 Follow
> Talignedleft

Chart logic reflects a generous assumption by

@nytimes that it wouldn't ever get *this* dire for
Trum ﬂ Hillary Clinton Donald Trump . ,.
%) 86.2 13.6% (723

Hillary Clinton has an 88% chance
of winning the presidency.

Chance of winning

FiveThirtyEight
Clinton http://projects.fivethirtyeight.com/2016-election-forecast

2016 Election Forecast » Updated Oct. 12, 2016



Reproducible Research &

Visualisations

Integrating web-based visualisations into your Y B

workflows ' -
@martinjhnhadley

https://www.pexels.com/photo/minimal—desk—minimalist—room—2424/



The citation pyramid

ﬁ\

ORCID

4/\.



https://osf.io/
https://osf.io/

The citation pyramid

ORCID

.......
.00. ........



https://osf.io/
https://osf.io/

Living datasets

ppppp



Selecting visualisation tools

Point & click or script - choose your poison @ D&R{b
@ python’

@martinjnnhadley



Sort by
Rotten Tomatoes

Top Movie Directors by Film

Do director's films improve with their experience? Hover over heads to highlight. Click to filter.

P © .
O I I lt a I l I C James Cameron Christopher Martin Scorcese  Coen Brothers. Quentin Steven Spielberg

A4

Tools h ’h

e Tableau Public

Chankpfe

Carbon Dioxide Emissions In The Last 10 Years

&

Psycho

Rotten Tomatoes Score

BudBoysll @
FourRooms, | ¢ epoting

®
The Last Airbender Global temperature has been steadily increasing over the years.

One of the factors associated with the temperature increase is the amount of CO2 emission into our atmosphere,
also known as human enhanced greenhouse effect.

So how much CO2 are we emitting into our atmosphere? Let's explore the data.

5-yoar Mean Annual Mean, Actual Annual Mean, Estimate

The average of the global
temporature between 1951 - 1980 Is
used to compare against
tsmperatures In other years

Annual Mean (Celsius)



https://public.tableau.com/s/gallery/top-movie-directors-film
http://public.tableau.com/views/WorldBankDataExploration/AStoryOfCO2Emissions?:embed=y&:display_count=yes

+ ++
Point and Click +

Tools h ’h

e  Tableau Public e Tableau is incredibly simple and powerful to use

e All data within visualisations can be
downloaded and reused

e Licensing is permissive and does not require

ribution == @0z @000 @@ ommeeeeo
attributio lﬂﬁlﬂhll

B U] L e S



https://public.tableau.com/s/gallery/top-movie-directors-film

Point and Click E)lllc!!II);
Tools h ,h

B | @ | & |Traces
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http://plot.ly/
https://plot.ly/131/~RhettAllain/

Point and Click plotly
Tools h _h

e Tableau Public e Public visualisations (and datasets) can be

made freely

e Plotly

e Data and visualisation provenance integral to
every chart (citable visualisations!)

e APIs for R, Python and more

ﬁ |“HH;mHHHHIHHWHIHH
U
S S


http://plot.ly/
https://plot.ly/131/~RhettAllain/

Point and Click CART®

Tools h ‘h

e Tableau Public

Start by adding points, lines or polygons.

Select the geometry type that you want to have in "untitled_table

e Plotly

e (Carto.com = A~ P
& e &)
Add points Add lines Add polygons

Useful to mark POIs or specific Perfect for representing roads, Great for mapping buildings or

places Ivers or tracks other kinds of areas



https://martinjohnhadley.carto.com/viz/a2213dc4-bbab-11e5-b4dc-0e3ff518bd15/map

Point and Click CART®

Tools h "h

e Tableau Public e Public visualisations (and datasets) can be

made freely

e Plotly

S e e e Data can be downloaded without attribution

e More powerful than Google Map Maker, even
with a free account

A () (=)
T S B

Add points Add lines Add polygons
il to mark POI or spe Great for mapping b



https://martinjohnhadley.carto.com/viz/a2213dc4-bbab-11e5-b4dc-0e3ff518bd15/map

Point and Click
Tools h ‘h

R e More and more free-to-use point & click services

are becoming available

Plotly

e Long term viability of these services isn't well
known - but appear profitable

Carto.com

... SO many more
e Data on these services may be public but
shouldn’t be considered “open”




@, python’

Scripting
Languages

e Bokeh provides a framework for building static

e Python
and interactive charts

e Interactive charts rely on a technology stack
you're responsible for yourself

Bokeh

web development,
one drop at a time



http://bokeh.pydata.org/en/latest/
http://bokeh.pydata.org/en/latest/
http://bokeh.pydata.org/en/latest/
https://demo.bokehplots.com/apps/stocks

by
Scripting Stud
Languages
e Python e Shiny is a self-contained framework for
. R interactive visualisations built with R

e Building these visualisations requires no
knowledge of HTML or JavaScript

A A~ A A :
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\ Y f—Y7 X[ N \/
v U \ N v/ \/ V \ \ V

e o lap o e B e e fo e



http://ilabour.oii.ox.ac.uk/online-labour-index/

shinyapps.io by RStudio

Scripting
Languages

Shinyapps.io provides hosting for shiny apps

Free tiers are available, charge is decided by the

e Pyth
ython popularity of shiny apps

e R
No data is required to live on shinyapps.io

4—,..

11411

-

flgshare

\Shinyapps.io » <iframe>




Data visualisation is important

Data should only be considered visible when it F Shiny
is easily accessible and understood &

Thank you for listening
Email:
martin.hadley@it.ox.ac.uk

@martinjhnhadley

https://www.pexels.com/photo/minimal—desk—minimalist—room—2424/



Slides after here are collections of notes



Visualisation Blogs and Resources

OREILLY

@agereyes

https://eagereyes.org/ http://r4ds.had.co.nz/
£J rLowINGDATA
http://flowingdata.com/ htmlwidgets Tutorial  http://ox-it.github.io/OxfordIDN_htmlwidgets/

¥ FiveThirtyEight .
http://fivethirtyeigr?:.cof/ Rad 13 nt https://radiant-rstats.github.io/docs/
vA visualising

data

https://www.lynda.com/RStudio-tutorials/Creati
BVl -Relolggl ng-Interactive-Presentations-Shiny-R/452087-
2.html*

http://www.visualisingdata.com/ _
*shameless self-promotion



Global temperature change (1850-2016)

Jan

QR ﬁ%

GIFS as data visualisations

Animation can get let data speak for
themselves

&

HadCRUT4

@martinjhnhadley

http://www.climate-lab-book.ac.uk/2016/spiralling-global-temperatures/



